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SYNTHETIC GAS REACTOR SYSTEM 
WITH GAS OR LIQUID INJECTION 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to testing gas reactor 
devices, such as emissions af tertreatment devices, and 
methods, and more particularly to a system that tests 
various combinations of reactor devices using simulated 
gas mixtures. 
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BACKGROUND OF THE INVENTION 

Emissions from internal combustion engines 
contribute significantly to the world's air quality 
problems. Many advances have been made in developing 
5 exhaust emissions control ( 'af tertreatment ' ) devices and 
systems, using various types of filters, catalysts, and 
other types of reactors . 

For example, many of today's gasoline engines, 
notably those of motor vehicles, are equipped with 

10 catalytic converters for emissions control. For diesel 
engines, various particulate filters and NOx traps are 
being developed. 

Development and testing of various emissions 
af tertreatment devices may be performed by using them on 

15 actually operating engines, in the field or in a lab. 

Presently, for vehicle emissions testing, most testing 
occurs in specialized laboratories, where the vehicle is 
driven on a dynamo meter according to a prescribed 
driving cycle, such as I/M 240 or FTP for light and 

2 0 medium duty vehicles and CBD for heavy duty vehicles. 

Another approach to testing emissions af tertreatment 
devices is to simulate the exhaust gas. The devices are 
then installed on a pipeline through which the simulated 
exhaust gas flows. The devices may be then subjected to 

25 conditions such as heat, to accurately simulate the 
actual conditions in which the device would operate. 
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SUMMARY OF THE INVENTION 

One aspect of the invention is a system for testing 
gas reactors. A test gas generator provides at least one 
test gas into a primary flow line. A first furnace along 
5 the primary flow line is operable to heat the test gas. 
A first reactor location is switchable in and out of the 
primary gas line. The test gas then reaches an upstream 
branch valve, which is operable to route the primary flow 
line to either a first branch line or a second branch 

10 line. The first branch line has another furnace and a 
second reactor within the furnace. The second branch 
line also has a furnace. A downstream branch valve joins 
the first branch line and the second branch line, after 
which the test gas reaches a third reactor location. An 

15 injector subsystem inject a gas or liquid into the first 
branch line upstream the second reactor location. 

An advantage of the reactor is that it is 
configurable to test a variety of techniques, including 
techniques using different reactor type devices and 

2 0 combinations of these devices. The system may operate 

based on various user-defined modes, such as rich-lean 
cycles or high-low temperature cycles. 

The system also accurately tests techniques using 
injected gases or liquid, such as reductants or 
25 supplemental fuel. In conventional systems that use 

simulated gas to test gas reactors, the introduction of 
high temperatures (over 600 degrees C) can cause injected 
components to react before they reach the reactor. In 
the present invention, an injection subsystem allows gas 

3 0 or liquid injections to the main gas flow without 

premature reactions . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present 
embodiments and advantages thereof may be acquired by- 
referring to the following description taken in 
5 conjunction with the accompanying drawings, in which like 
reference numbers indicate like features, and wherein: 

FIGURE 1 illustrates a synthetic gas generator and 
reactor testing system in accordance with the invention. 

FIGURES 2-4 each illustrate one of the alternative 
10 paths of the gas mixture through the system of FIGURE 1. 

FIGURE 5 illustrates an injection subsystem for 
injecting gas or liquid into the main gas mixture of the 
system of FIGURE 1 . 

FIGURE 6 illustrates the static mixer of FIGURE 1. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a synthetic gas generator and 
gas reactor test system 100 in accordance with the 
invention. As explained below, system 100 generates 
5 simulated gas and tests devices that react to the 

simulated gas (referred to herein as "gas reactors") . 

The system is especially useful for evaluating 
emissions control af tertreatment devices and methods, but 
may be used to test any sort of gas reactor. By 

10 permitting a wide range of temperature, humidif ication, 
and injection options, as well as different combinations 
of gas reactor devices, the system may be used to test 
methodologies as well as to test the devices themselves. 
The system may be configured (by installing, selectively 

15 including, or bypassing) one, two, or three gas reactors 
at predetermined locations along a gas flow line that 
carries the simulated gas mixture. 

System 100 can be used to test gas phase reactions 
(such as high temperature gas phase reactions) or gas- 

20 solid reactions. In the case of the latter, the solid 
can be a catalyst or a solid reactant . An example of a 
gas-solid reaction where the solid is a catalyst is the 
reaction that occurs with engine exhaust catalysts. An 
example of a gas-solid reaction where the solid is a 

25 solid reactant is a gas scrubbing process, such as those 
that use lime or limestone to remove SOx from flue gas. 

For purposes of this description, system 100 is 
described in terms of application for exhaust emissions 
device testing. Af tertreatment devices for both vehicle 

3 0 and stationary engine applications may be tested. The 
simulated exhaust may simulate exhaust from gasoline or 
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diesel engines, or from an engine using an alternative 
fuel system, such as natural gas or liquefied petroleum 
gas. For applications such as these, system 100 may be 
used to test a variety of af tertreatment devices, such as 
5 catalysts, NOx adsorbers, and diesel particulate traps. 
A test gas generator 10 provides a desired gas 
mixture by providing gas components from an array of 
cylinders (not shown) or other gas supply reservoirs. It 
incorporates controls for gas input, such as a mass flow 

10 controller, and may also incorporate various static or 
active mixing means. The composition of the gas, the 
concentration of each gas component, and the gas pressure 
may be specified for a particular test. 

In the example of this description, test gas 

15 generator 10 provides simulated exhaust gas. Typical gas 
components for such testing include, without limitation: 
nitrogen, carbon dioxide, oxygen, carbon monoxide, 
hydrogen, nitrogen oxide, and hydrocarbon gases. 

In the embodiment of FIGURE 1, the components of the 

2 0 synthesized gas mixture are blended by test gas generator 
10. However, as explained below in connection with 
FIGURE 6, in alternative embodiments, the gas components 
from test gas generator 10 may be kept in separate lines 
at least as far as through furnace 32, and thereafter 

2 5 mixed at some point along the main or branch flow lines. 

Controller 15 controls the operation of system 100. 
It sets all test modes and/or cycles, and controls the 
operation of the various elements of system 100. More 
specifically, it may control the operation of test gas 

3 0 generator 10, humidifier 18, furnaces 32, 34, and 36, and 

the various valves illustrated in FIGURE 1. For furnaces 
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32, 34, and 36 controller 15 may be used to set 
parameters such as temperatures, rates of increase or 
decrease, and/or temperature cycle times. 

The extent to which controller 15 provides automated 
5 control of the elements of system 100 is determined by 
the sophistication of the programming of controller 15. 
To this end, controller 15 may be implemented with 
software -programmable computer equipment, having 
appropriate processing and memory, operating system, and 

10 input and output devices. 

The gas mixture from test gas generator 10 is 
delivered to humidifier 18, which introduces water vapor 
into the flow line and into the test gas mixture. As 
illustrated, controller 15 may be used to adjust 

15 humidif ication parameters, such as the amount and flow 
rate of water introduced. 

If desired, humidifier 18 may be set to an "off" 
state by controller 15, such that no water vapor is 
introduced. In other words, the humidity of the test gas 

20 may range from 0% to any desired percentage of the test 

gas mixture. Some reactors to be tested using system 100 
may not require humidif ication, such as a fuel cell 
catalyst . 

The gas mixture then passes through a first furnace 

2 5 32, which heats the gas mixture to a desired temperature. 

To ensure mixing of the gas components, static mixing, 
such as ceramic chips within the main flow line within 
furnace 32, may be implemented. In the embodiment of 
FIGURE 1, the flow line passes through furnace 32 but 

3 0 other implementations of a furnace for heating the gas 

mixture within the flow line are possible. 
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Three valves 25, 26, and 2 7 are used to control the 
flow path of the gas mixture downstream of furnace 32. 
Valves 2 5 and 2 6 are three-way valves (one input port and 
two output ports) . Valve 2 7 is a four-way valve (two 
5 input ports and two output ports) . 

Depending on how valves 25, 26, and 2 7 are set, 
there are several alternative paths for a given gas 
mixture through system 100. The selection of a 
particular path depends on the number and types of 

10 reactors being tested. 

Upstream of valves 25, 26, and 27, the test gas from 
test gas generator 10 through furnace 3 2 flows through a 
"primary" flow line 101. As explained below, downstream 
of this point, the primary flow line branches into three 

15 alternative paths: a bypass line 102, and two branch 

lines 103 and 104. Valve 25 is referred to herein as a 
"bypass valve", and is used to route the flow to bypass 
line 102. Valve 27 is referred to herein as an "upstream 
branch valve", and routes the flow through either of the 

20 two branch lines 103 and 104. Valve 28 is referred to as 
a "downstream branch valve", and re-joins the flow from 
the two branch lines 103 and 104. 

System 100 has three reactor locations 62, 64, and 
66. At each reactor location, system 100 permits 

25 installation of a gas reactor. Thus, as used herein, a 
"reactor location" comprises whatever means are provided 
on the flow line for installing a reactor, namely an 
input port, output port, and attachment fittings, such as 
flanges, threading, or the like. In some embodiments of 

30 the invention, the "reactor location" may also comprise 
means for omitting any reactor at that location. 
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Typically, the attachment fittings further permit 
interchangeable gas reactors at that location, that is, 
the fittings are designed for removal of the reactor, so 
that different types of reactors may be interchanged and 
5 tested. 

As is clear from the context herein, the identifying 
numerals 62, 64, and 66 are also sometimes used to refer 
to whatever type of reactor (s) is installed for a 
particular test. 

10 As illustrated, it is possible to test the reaction 

of the gas with any one of three reactors 62, 64, and 66, 
or any combination of two of these, or all three 
reactors. It is also possible to omit a reactor at any 
of the reactor locations, such as when only a plasma 

15 reactor at location 62 or only a reactor at location 64 
is to be tested, in which case reactors at other 
locations are omitted. In the absence of a reactor at 
any location, the test gas simply continues uninterrupted 
through the flow line. 

20 Reactor location 62 is especially designed for 

installation of a non thermal plasma reactor. A 
nonthermal plasma reactor is one in which the mean 
electron energy, or temperature, is considerably higher 
than that of the bulk-gas molecules. An example of a 

25 non-thermal plasma reactor is the one of the type being 
developed for reducing NOx emissions in diesel exhaust. 
The plasma reactor 62 may be any one of a number of 
plasma-enhanced emission control devices, for example, a 
lean NOx trap, a selective catalytic reduction device, a 

30 lean NOx catalyst, a three way catalyst, or a diesel 
particulate filter . 
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Reactors 64 and 66 may be any type of chemical 
reactor, catalytic or non catalytic. In the vehicular 
emissions example of this description, examples of 
reactors that could be tested in locations 64 and 66 are 
5 three-way catalysts, oxidation catalysts, NOx reduction 
catalysts, and selective oxidation catalysts. 

FIGURES 2-4 illustrate three possible flow paths 
and reactor configurations for system 100. System 100 is 
not limited to these configurations; as explained herein, 

10 other reactor combinations or single reactor 

configurations are possible. After a test procedure is 
performed using a particular configuration, system 100 
may be purged and some other gas mixture and/or some 
other configuration of flow path and reactors may be 

15 tested. 

FIGURE 2 illustrates a first path through system 
100. For this path, valve 25 is set such that the gas 
mixture bypasses furnaces 34 and 36. The gas mixture 
flows through reactor 64 . This path is typically used 
2 0 when only a single non-plasma type reactor is to be 
tested . 

Referring again to FIGURE 1, in alternative 
configurations, a reactor at location 64 can be switched 
between inlet temperatures provided by furnace 34 or 36. 

25 This is accomplished with manipulation of valves 26 and 
27, so as to select the gas mixture path through either 
furnace prior to reaching catalyst 64 . 

FIGURE 3 illustrates a second path through system 
100. For this path, valve 25 is set so that the bypass 

30 line 102 is not used. Valve 26 is referred to as the 

"first reactor valve", and routes the flow either into or 
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past reactor location 62. As stated above, reactor 
location 62 is especially designed for non thermal plasma 
reactors; the test gas has passed through furnace 32 to 
reach a desired temperature, such as an engine exhaust 
5 temperature, but reactor 62 is not provided with 
additional heat. 

After passing through plasma reactor 62, the gas 
mixture reaches valve 27. This valve may be set for 
either of two paths. A first path carries the gas 

10 mixture through furnace 36 and reactor location 64. A 
second path carries the gas mixture through furnace 34 
(and its reactor location 66) and through reactor 
location 64. If it is desired to test only plasma 
reactor 62, and no other reactors, one of these paths is 

15 used, with no reactor in the reactor location, and the 
furnace on that path may be turned off. 

FIGURE 4 illustrates a third path through system 
100. For this path, valves 25, 26, and 27 are set such 
that the gas mixture passes through both reactor 64 and 

20 reactor 66. This path is used when two reactors are to 
be tested. This configuration is especially useful for 
testing emissions treatment methods that use a pre- 
catalyst . 

Reactor location 66 is also useful for reactors that 
25 use an injected reductant or other reactive agent. 

Reactor 66 is preceded with a static mixer 91, which is 
used in conjunction with injected components via 
injection line 92. 

FIGURE 5 illustrates one embodiment of an injection 
30 subsystem 500, for use with system 100. The separation 
of injection line 92 from the main gas flow line until 
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just upstream of reactor 66, avoids high- temperature 
reactions between the injected gas and oxygen and/or 
gases in the main gas flow line. 

Injection system 500 may be used to inject either 
5 gaseous or liquid components into the main gas flow line. 
Examples of gases that might be injected for vehicular 
emissions applications are hydrocarbon or diesel fuel 
(such as when reactor 66 is a lean NOx trap or lean NOx 
catalyst device) or ammonia (such as when reactor 66 is a 

10 selective catalytic reductant device) . 

For injected gases, controller 15 controls the flow 
rate using a mass flow controller 501. For injected 
liquids, the flow rate may be controlled using a fuel 
injector 502 or peristaltic pump 503. In both cases, 

15 nitrogen may be used as a carrier gas to introduce the 
injected gas or liquid into the main gas flow line. 
Valves 506, 507, and 508 are set to control whether a gas 
or liquid (pumped or injected) is used. 

As stated above, a mixer 91 is used to mix the 

20 injected gas or liquid with the gas in the main flow 

line. Mixer 91 minimizes any unwanted reactions among 
the gas components before they reach catalyst 66. It 
ensures a homogeneous gas mixture at the inlet of 
catalyst 66, and is thus located between catalyst 66 and 

25 the injection port for injection line 92 into the main 
flow line. When injected components are introduced, 
mixer 91 is designed to fully mix the injected component 
with the bulk gas in a very short distance. Mixer 91 may 
be implemented with any one of a number of commercially 

3 0 available static mixer devices. Various types of mixers, 
static or active, could be used. 

AUS01:330366 .1 



ATTORNEY DOCKET PATENT APPLICATION 

090936 . 0524 

13 



As stated above, in the embodiment of FIGURE 1, the 
main (bulk) gas is mixed on exit from test gas generator 
10. However, in alternative embodiments, each of the 
components of the bulk gas, as well as any injected 
5 component, could be transported in a separate line until 
reaching mixer 91. 

FIGURE 6 illustrates how each gas could be carried 
in a separate line and mixed at mixer 91. The lines for 
the individual gases follow the same path from test gas 

10 generator 10 to mixer 91. One or more of the lines into 
mixer 91 may be an injection line. In the example of 
FIGURE 6, test gas generator 10 has five lines, each for 
providing a different gas. Not all lines need be used, 
and any different number of lines may be used. 

15 Referring again to FIGURE 1, system 100 allows gas 

sampling at four locations: at the inlet and outlet of 
reactor 62, at the inlet of reactor 64 or 66, and 
downstream of reactor 64 and 66. The sample lines may be 
connected to test equipment, such as an analyzer, FTIR 

2 0 (Fourier transform infrared spectroscopy) equipment, or a 

spectrometer. Comparative analysis, comparing gas 
composition before and after each reactor of system 100 
enables the operation of the catalyst to be evaluated. 
As indicated above, system 100 is capable of 
25 simulating the operation of a variety of emissions 
af tertreatment technologies and permits them to be 
accurately aged and evaluated. The arrangement of 
furnaces 32, 34, and 36, and valves 25, 26, 27, and 28 
enables a wide range of temperatures and cycling modes. 

3 0 Controller 15 may be programmed to operate system 

100 in various modes or cycles. For example, to evaluate 
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a lean NOx trap, lean-rich cycles are needed to simulate 
NOx storage and regeneration. To evaluate an selective 
catalytic reduction catalyst, urea or NH 3 injection is 
needed to activate the catalyst. To evaluate a lean NOx 
catalyst, a reductant such as gaseous hydrocarbon or 
diesel fuel, is injected to activate the catalyst. To 
evaluate a sulfur trap or diesel particulate filter, 
high- low temperature cycles are needed; the low 
temperature for trap loading and the high temperature for 
regeneration. To age a three way catalyst, an aging 
cycle with different duration of lean, rich, and 
stoichiometric air-to-fuel ratios is used. 
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